Introduction


Free radicals production is a normal process in the life of aerobic organisms. Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are continuously produced during normal skeletal muscle metabolism [1, 2] . Some of them have beneficial effects, notably as a part of the body's natural immune system [3] .
Low and physiological levels of reactive oxygen species (ROS), such as superoxide, hydrogen peroxide, the hydroxyl radical and nitric oxide (NO) increase blood flow to skeletal muscle during physical exercise [4, 5] .
Exercise was associated with an increased formation of free radicals, reactive oxygen species (ROS) and reactive nitrogen species (RNS) [6, 7] . In young individuals, ROS are required for normal force production in skel-etal muscle, for the development of training-induced adaptations in endurance performance, as well as for the induction of the endogenous defense systems [8] . A greatly increased rate of free radical production, ROS and RNS, caused by exhaustive exercise, may exceed the capacity of the cellular defense system causing attack of free radicals on the cell membranes initiating the skeletal muscle damage and cause the oxidative stress, apoptosis and necrosis of the muscle cells [912] .
The first suggestion that physical exercise results in free radical-mediated damage to tissues appeared in 1978 and after that there have appeared numerous data about exercise and oxidative stress [13] . Under physiological conditions, these deleterious species are mostly removed by the cellular antioxidant systems which include endogenous human body enzymic and non-enzymic antioxidants that work together to scavenge free radicals and who protect muscle function during physical exercise by maintaining an effective balance between free radical production and preventing potentially deleterious free radical effects. Antioxidant activity was determined by the ability of each compound to scavenge the long-lived free radicals [5,1419] .
Both enzymic and non-enzymic antioxidants exist in the intracellular and extracellular environments to detoxify ROS. These scavengers are located throughout the cell and provide protection against free radicals' toxicity using different approaches. Primary strategies include conversion of free radicals into less-active molecules (i.e. scavenging), and prevention of the transformation of lessreactive free radicals into more damaging forms (i.e. prevention of the transformation of H 2 O 2 into the damaging hydroxyl radical) [14] . Maintenance of oxidative -antioxidant homeostasis is critical for the normal function and survival of all aerobic organisms because an imbalance between ROS and antioxidants is referred to as oxidative stress [2, 19] . Intense and prolonged exercise can result in oxidative damage to both proteins and lipids in the contracting myocytes [20] .
In general, slow-twitch, mitochondria-rich (type I) fibers have an increased content of protective systems compared with fast (type II) fibers [15, 21] .
Enzymic and Non-enzymic Human Body Antioxidants
During intense and exhaustive exercise cells continuously produce free radicals and reactive oxygen species (ROS) as part of metabolic processes in skeletal muscle. These free radicals are neutralized by the antioxidant defense system. These endogenous human body protective systems comprise enzymatic and non-enzymatic antioxidants.
a) Primary antioxidant enzymes
The group of primary antioxidant enzymes in human muscles comprises both mitochondrial and cytosolic isoforms of superoxide dismutase (EC 1.15.1.1; SOD), manganese containing SOD and cuprum, zinc-containing MnSOD and CuZnSOD, respectively, catalase (CAT) (EC 1.11.1.6) and glutathione peroxidase (GPX), (EC 1.11.1.9; [21] . These enzymes are responsible for removing superoxide radicals, H 2 O 2 and organic hydroperoxides. Additional antioxidant enzymes such as thioredoxin, glutaredoxin, and peroxiredoxin reductase also contribute to cellular protection against oxidation [13, 18] . An acute exercise or longer term exercise result in increased activities of superoxide dismutase, catalase or glutathione peroxidase in animal and human muscles [6 Superoxide dismutase must work with enzymes that remove H 2 O 2, that is with catalase. In mammals, three isoforms of SOD (SOD1, SOD2, SOD3) exist, and all require a redox active transition metal in the active site to accomplish the catalytic breakdown of the superoxide anion. The catalytically active metal can be copper, iron, manganese or nickel [27, 28] . Exercise training significantly increased superoxide dismutase activity in the muscle soleus [29] . Mitochondrial SOD activity was increased by 37% in fast-twitch red and slow-twitch red types of muscle and 14% in white muscle [22] .
Two of the SOD isoforms are located within cells, whereas the third SOD isoform is found in the extracellular space. Manganese (Mn) or copper/zinc (Cu/Zn)-dependent superoxide dismutase (SOD), are located in the matrix and intermembrane space of mitochondria, and quickly dismutate the superoxide generated by mitochondria to H 2 O 2 to prevent oxidative stress [3, 27, 28, 30] .
The relative allocation of the SOD 1 and SOD 2 isoenzymes varies across tissues. In skeletal muscle, 15-35% of the total SOD activity is in the mitochondria, and theremaining 65-85% are in the cytosol. SOD activity is highest in oxidative muscles that contain a high percentage of type I and type IIa fibers compared with muscles with low mitochondrial volumes. SOD activity in skeletal muscle is not constant and can be modified by activity Endurance exercise training promotes 20-112% increases in the activities of both SOD1 and SOD2 in the exercised [13] .
2. Glutathione peroxidase (EC 1.11.1.9; GPX) All glutathione peroxidases (GPX) enzymes catalyze the reduction of H 2 O 2 or organic hydroperoxide (ROOH) to water (H 2 O) and alcohol (ROH), using reduced glutathione (GSH), or in some cases thioredoxin or glutaredoxin as the electron donors [13, 31] . Glutathione peroxidase (GPx) removes H 2 O 2 by coupling its reduction to water with oxidation of reduced glutathione (GSH):
Glutathion peroxidase
Selenoproteome has five glutathione peroxidases in mammals (GPX1-GPX5) [20, 31] . The highly oxidative fibers -type I, contain the highest GPX activity. The fact that many GPX isoenzymes will reduce a wide range of hydroperoxides ranging from H 2 O 2 to complex organic hydroperoxides makes glutathione peroxidases (GPX) an important intracellular antioxidant to protect against ROS-mediated damage to membrane lipids, proteins, and nuclei acids. Glutathione peroxidases (GPX) increase in skeletal muscle fibers during regular and endurance exercise training along with increased cellular concentrations of glutathione in skeletal muscles, causing the risk reduction of cellular injury [3, 13, 14, 31] . The reduction of GSSG back to GSH is done by glutathione reductase, a flavin containing enzyme, whereby NADPH provides the reducing power [3, 31] . Skeletal muscles produce NADPH primarily via isocitrate dehydrogenase (ICD) through citric cycle but many tissues produce NADPH by glucose-6-phosphate dehydrogenase via the pentose pathway [1] . [32, 33] . Highly oxidative muscle fibers have the highest CAT protein levels and fibers with low oxidative capacity have the lowest enzyme activity [3, 13] .
The depleted activity levels of superoxide dismutase, catalase, glutathione peroxidase in the exercise animals indicated decreased antioxidative defense system in the muscle [26] .
Accessory antioxidant enzymes
In addition to the primary antioxidant enzymes, cells contain the thioredoxin, glutaredoxin, and peroxiredoxin, the enzymes systems that directly or indirectly participate in the maintenance of redox balance [33] . The thioredoxin antioxidant system is composed of thioredoxin (TRX) and thioredoxin reductase [3436]. TRX is the major ubiquitous disulfide reductase responsible for maintaining proteins in their reduced state. Oxidized TRX is then reduced by electrons from NADPH via thioredoxin reductase. Selenium (Se) is essential for the activity of thioredoxin reductase, explaining why this trace element is required for cell proliferation [34, 37] . Glutaredoxin (GRX), similar to TRX, is a thiodisulfide oxidoreductase that is involved in the protection and repair of protein and non-protein thiols during periods of oxidative stress. GRX protects thiols by the transfer of electrons from NADPH to disulfide substrates, and this catalytic cycle is coupled with glutathione and glutathione reductase [34, 37, 38] . Human cells contain three different GRXs; GRX1 is located in cytosol, whereas both GRX2 and GRX5 are located in the mitochondria. Peroxiredoxin (PRX) was discovered in 1988 and is a novel peroxidase capable of reducing both hydroperoxides and peroxynitrate with the use of electrons provided by a physiological thiol like TRX. Although peroxiredoxin (PRXs) may defend against cellular oxidative stress, the importance of their antioxidant role in mammalian cells remains unclear [36] .
The effects of regular exercise on the TRX, GRX, and PRX systems in skeletal muscles remain unknown. Exercise-induced changes in one or all of these antioxidant systems could contribute to the redox adaptation to exercise [35, 36, 39] .
Non-enzymic Antioxidants and Dietary Compounds b) Vitamins (phytonutrients) as antioxidants
Vitamins are organic compounds required by humans in small amounts from the diet.
The group of dietary antioxidants, dietary phytonutrient, vitamins, include vitamins C-L ascorbic acid, vitamin A, retinol and their provitamins, carotenoids (especially β-carotene), vitamins E, tocopherol (especially -tocopherol), folic acid or folates. In humans, vitamins function as metabolic regulators in small amounts from the diet, influencing a number of physiological processes important for exercise or sport performance. Many of the B-complex vitamins are involved in processing carbohydrate and fats for energy production, an important consideration during exercise of varying intensity. Several B vitamins, phyridoxal phosphate and vit. B2 (riboflavin, lactoflavin) are also essential for biosynthesis of hemoglobin in red blood cells, and for oxygen delivery to the muscles during aerobic endurance exercise [21] .
It may be concluded that physically-active individuals might benefit from supplementation of vitamins [3] .
Vitamin C (L-ascorbic acid)
Vitamin C has a main biological role as a reducing agent. Ascorbic acid is required for the hydroxylation of amino acids lysine and praline in protocollagen in the body. Without this hydroxylation protocollagen cannot properly cross-link into normal collagen fibrils. Thus, vitamin C is obviously important for maintenance of normal connective tissue. Vitamin C is also necessary for bone formation, since bone tissue has an organic matrix containing collagen as well as inorganic calcified portion. Collagen is a component of the ground substance surrounding capillary walls [40] .
Various studies have demonstrated beneficial physiological effects of vitamin C supplementation in physically-active people. At physiological pH ascorbic acid exists as the ascorbate anion which is widely distributed in mammalian tissues. Vitamin C (L-ascorbic acid) distributes in the aqueous phase of the muscle cells. The antioxidant roles of vitamin C are numerous. Vitamin C can directly scavenge superoxide, hydroxyl and lipid hydroperoxide radicals. It modulates the intracellular redox status through maintaining sulfhydryl compounds, including glutathione in their reduced state. Increasing the concentration of vitamin C might interfere with antioxidant systems lowering the level of reduced glutathione as well as the activities of glutathione metabolic enzymes related to glutathione metabolism, such as glutathione reductase, glutathione peroxidase, and glutathione-S-transferase [41] . Furthermore, vitamin C plays a key role in recycling vitamin E. In this reaction native vitamin C, L-ascorbate is converted to a dehydroascorbate radical. This radical can be reduced back to native vitamin C by glutathione (GSH) [3] .
Vitamin A (axeroftol, retinol)
The family of lipid-soluble antioxidants includes vitamin A (axeroftol, retinol) and provitamins-carotenoids, including β-carotene, vitamin E, α-tocopherol. Vitamin E, α-tocopherol, belongs in a family of lipid-soluble vitamin. These molecules are hydrophobic lipid soluble antioxidants located primarily in cell membranes and their primary function is to protect muscle membranes against oxidation. Because of their cellular location and their radical scavenging capacity, carotenoids are efficient biological antioxidants against lipid peroxidation.
The antioxidant activity of β-carotene, as a radical-scavenging antioxidant against lipid peroxidation, was much smaller than that of α-tocopherol [42] .
Vitamin E-tocopherol
Vitamin E is potent lipid-soluble antioxidant in cell membranes and other lipid components of the cell and therefore it is essential for human nutrition [43, 44] . In nature, compounds with vitamin E activity include α-, β-, γ-, g-and δ-tocopherols (TCP) as well as α-, β-, γ-and δ-tocotrienols (TCT) (44) . The capacity of vitamin E to prevent oxidation of unsaturated fatty acids is its primary function in the body. Supplementation with tocotrienol-rich fractions (TRF) from palm oil, a potent antioxidant from the natural Vitamin E family, may help in the prevention or treatment of several diseases [45] . Studies have shown vitamin E supplementation as an efficient means of reducing exercise-induced muscle damage due to free radical formation [18] .
Vitamin E is a particularly important antioxidant because of its capacity to convert superoxide and hydroxyl radicals to less-reactive forms. Vitamin E can also break lipid peroxidation chain reactions which occur during ROS-mediated damage to cell membranes. In addition to its direct antioxidant properties, evidence indicates that the beneficial effects of vitamin E in cells also comes from its ability to control gene expression of several proteins (46) . Many studies in humans have demonstrated antioxidant protection by high-dose vitamin E supplementation [3,4749] . The supplementation with both vitamins E and C only prevented increases in lipid peroxidation (43).
Folic acid, folacin
Folic acid, folacin, belongs in a group of water soluble vitamins. Before functioning as a C 1 carrier, folic acid must be reduced within cells to tetrahydrofolate (THF also H 4 folate) through the action of dihydrofolate reductase (DHFR), an NADPH-requiring enzyme [5052]. Through participating in biosynthesis of S-adenosyl methionine (SAMe) folic acid has an important function in glutathione synthesis. SAMe is a precursor for the synthesis of cysteine and thus glutathione (Fig. 1) . SAMe effectively increase intracellular glutathione concentration in patients with liver disease [53, 54] . Folate, vitamin B6, and vitamin B12 are required for homocysteine metabolism ( Figure 1 ) by serving as cofactors for methionine synthase (B12), cystathionine synthase (B6), and cystathionase (B6) and as a substrate (5-methyltetrahydrofolate) for methionine synthase [55] . Cellular antioxidant metabolisms are linked by methylation and the transsulfuration pathway, which converts Methionine-Homocysteine cycle to cysteine, the important component in glutathione synthesis [54, 56] .
In situations where antioxidant defenses are compromised or where ROS production is grossly excessive, ROS are mediators of contraction-induced damage to skeletal muscle, (53) .Through participating in biosynthesis of S-adenosyl methionine (SAMe) folic acid has an important function in glutathione synthesis. SAMe is Fig 1 Folate (as THF) , vitamin B6, and vitamin B12 are required for biosynthesis of Glutathione [54] . a precursor for the synthesis of cysteine and thus glutathione (Figure 1) .
SAMe effectively increase intracellular glutathione concentration in patients with liver disease [53, 54, 57] . Literature data present conflicting results of vitamins' protective effects as antioxidant. However, despite the literature data, we could support that physically-active individuals might benefit from natural, human body constitutive, and diet rich in antioxidants [49] .
Human Body Non-enzymic Antioxidants and Dietary Compounds
Beside several anti-oxidant enzyme systems and vitamins, cells contain endogenous non-enzymic anti-oxidants and naturally dietary compounds, to be used as scavenger free radicals molecules and to work against cellular damage [18] .
The most important nonenzymatic antioxidants in muscle fibers include glutathione (GSH), bilirubin, -lipoic acid (LA), uric acid, ubiquinone or Coenzyme CoQ10.
The group of naturally dietary compounds, besides phytonutrients-vitamins, includes phytochemicals, flavonoids, chlorophylls, and others, present in most edible fruits and vegetables.
c) Human body non-enzymic antioxidants
Glutathione
Glutathione (GSH) is a tripeptide and is the most abundant nonprotein thiol in cells [3, 12, 54, 57, 58] . This antioxidant is primarily synthesized in the liver and transported to tissues via the circulation. GSH content varies across organs depending on their function (3, 58) . The concentration of GSH found in skeletal muscle fibers varies across fiber types; for example, (slow) type I fibers contain 600% higher GSH content (approximately 3mM) compared with (fast) type IIb fibers (3) . As an antioxidant, GSH has multiple roles in cells. GSH can directly react with a variety of radicals by donating a hydrogen atom. Endogenous glutathione and thioredoxin, thiol antioxidants, are modulated with high oxygen consumption and ROS generation during physical exercise, controlling cellular function through redox-sensitive signaling and protein-protein interactions [59] . Exercise increased GSSG content and decreased GSH/GSSG in mitochondria. These data provided direct evidence that oxidant production in skeletal muscle is increased during prolonged exercise, with both mitochondrial respiratory chain and NADPH oxidase as potential sources [6062] . GSH serves as a substrate for GPX to eliminate H 2 O 2 and organic hydroperoxides. Furthermore, GSH is also involved in reducing other antioxidants in the cell including vitamins C and E. Growing evidence indicates that exercise training results in an elevation in the activities of both superoxide dismutase and glutathione peroxidase along with increased cellular concentrations of glutathione in skeletal muscles. The exercise-induced increase in GSH within muscle fibers is due to increased activity of a key enzyme involved in GSH synthesis, glutathione synthase (γ-glutamylcysteine synthase), [23, 58, 63] .
Glutathione (GSH) and bilirubin are prominent endogenous antioxidant cytoprotectants. The water-soluble GSH primarily protects water soluble proteins, whereas the lipophilic bilirubin protects lipids from oxidation [64] .
Bilirubin
Bilirubin is the final product of hemoprotein catabolism as heme oxygenase cleaves the heme ring to form biliverdin; biliverdin is then reduced by biliverdin reductase to form bilirubin. Exercise training significantly increased serum bilirubin levels [65] . Heme oxygenase (HO) has been shown to be important for attenuating the overall production of ROS [66, 67] .
Although both biliverdin and bilirubin are reducing species, bilirubin is considered to be the best physiological antioxidant cytoprotectant. Bilirubin, at micromolar concentrations in vitro, efficiently scavenges peroxyl radicals. Bilirubin is a potent antioxidant that can protect cells from a 10,000-fold excess of H 2 O 2 . The potent physiologic antioxidant actions of bilirubin reflect an amplification cycle whereby bilirubin, acting as an antioxidant, is itself oxidized to biliverdin and then recycled by biliverdin reductase back to bilirubin. This redox cycle may constitute the principal physiologic function of bilirubin [6769]. Bilirubin possesses strong antioxidant potential against peroxyl radicals and has been shown to protect cells from toxic levels of hydrogen peroxide. It has been suggested that the powerful physiological antioxidant actions of bilirubin are a result of an amplification cycle whereby bilirubin acting as an antioxidant, is itself oxidized back to biliverdin and then recycled back to bilirubin via biliverdin reductase [67, 68] . The data support the idea of a "beneficial" role for bilirubin as a physiological, chain-breaking antioxidant. Small amounts of plasma bilirubin are sufficient to prevent oxidation of albumin-bound fatty acids as well as of the protein itself. The data indicate a role for albumin-bound bilirubin (Alb-BR) as a physiological antioxidant in plasma and the extravascular space [70] .
α-Lipoic acid (LA)
α-Lipoic acid is a naturally occurring compound and can be obtained from the diet. It is concluded that alpha-lipoic acid supplementation diminishes oxidative damage. Studies suggest that LA also acts as a powerful micronutrient with diverse pharmacologic and antioxidant properties [4, 44] . As an antioxidant, LA directly terminates free radicals, chelates transition metal ions (e.g. iron and copper), increases cytosolic glutathione and vitamin C levels and prevents toxicities associated with their loss, [71, 72] . α-Lipoic acid (ALA), as lipoamide, is an endogenous intracellular thiol that acts as a cofactor in the multienzyme complexes that catalyze the oxidative decarboxylation of a-keto acids such as pyruvate, a-ketoglutarate, and branched chain α-keto acids [7375] . Their binding to an enzyme complex generally limits its function as an antioxidant. Normally, α-lipoic acid is present in very small quantities in tissues.
ALA and DHLA couple has shown the ability to react with reactive nitrogen and oxygen species (RONS) such as hydroxyl radical, hypochlorous acid and singlet oxygen and reduce glutathione disulfide, tocopherol radicals and ascorbate [75] .
Alfa-LA has been applied in sport as a dietary supplement. Alfa-LA supplementation attenuated exercise-induced oxidative damage in various tissues [76] . Alfa-LA can assist in the recycling of vitamin C and E [73, 74, 77] . On the other hand, long-term Alfa-LA administration led to enhancement of lipid peroxidation [75] .
Uric acid
Uric acid is a by-product of purine metabolism in humans and is potentially an important antioxidant in human biological fluids. Uric acid (UA) may function either as an antioxidant (primarily in plasma) or pro-oxidant (primarily within the cell). In the plasma, urate can prevent lipid peroxidation only as long as ascorbic acid is present [78] . At physiological pH, almost all uric acid is converted to urate [79] . As an antioxidant, urate is able to protect against oxidative damage by acting as an electron donor. It appears that urate could be an antioxidant scavenger in skeletal muscle during exercise [79] . High UA concentrations are associated with increased serum antioxidant capacity and reduced oxidative stress during acute physical exercise in healthy subjects [80] .
Ubiquinones
Ubiquinone, or coenzyme Q (CoQ), plays an important role in the production of chemical energy in the mitochondria. Coenzyme Q 10 (CoQ 10 ) is the major form of ubiquinone in human subjects. CoQ 10 has gained considerable attention as an agent capable of influencing cellular bioenergetics and counteracting some of the damage caused by free radicals [3, 81] . Humans can synthesize ubiquinones, hence, coenzyme Q 10 cannot be considered a vitamin [82] . Coenzyme Q 10 is soluble in lipids and is found in virtually all cell membranes, as well as lipoproteins; a cause that is essential in mitochondrial electron transport chain [83, 84] . Reduced forms of ubiquinones, ubiquinols, are lipid-soluble and are efficient antioxidants, better antioxidants compared with ubiquinones [85] . Approximately 50% of the total cellular ubiquinone is located within the mitochondria, 30% in the nucleus, with the remaining 10% located in the endoplasmic reticulum and the cytoplasm. The presence of high concentrations of quinol in all membranes provides a basis for antioxidant action either by direct reaction with radicals or by regeneration of tocopherol and ascorbate [83] .
CoQ 10 is also a micronutrient. However, its bioavailability is limited compared to that of other lipidsoluble antioxidants like vitamin E. CoQ 10 is the only lipidsoluble antioxidant synthesized endogenously. Ubiquinol inhibits the peroxidation of cell membrane lipids and also that of lipoprotein lipids present in the circulation [86] .
Ubiquinone (Co Q10) is suitable for therapeutic use in the treatment of some muscular diseases [83, 87] . It might therefore be used during strenuous exercise. Zuliani U et al. (1989) have evaluated the effect of prolonged treatment with Co Q10 (100 mg/day per os for one month) on the biological changes induced by prolonged work on an ergometer bicycle in athletes; they observed any variation before or after the period of treatment with ubiquinone (Co Q10) [87] .
Oxidative stress generated by physical exercise increases tissue ubiquinone levels by increasing biosynthesis in human body. Acute and chronic supplementation of CoQ 10 may affect acute and/or chronic responses to various types of exercise [85, 88] . CoQ 10 supplementation increased total CoQ concentration in the slow-twitch muscles and was useful for reducing exhaustive exercise-induced muscular injury by enhancing stabilization of muscle cell membrane [89] .
Coenzyme Q 10 is available without prescription as a dietary supplement. Supplemental doses for adults range from 30-100 mg/day, which is considerably higher than normal dietary coenzyme Q 10 intake. Supplementation of healthy men with 120 mg/day for three weeks did not increase skeletal muscle concentrations of coenzyme Q 10 [90] .
d) Dietary compounds, phytochemicals
The group of naturally dietary compounds includes phytochemicals such as flavonoid and chlorophylls and others present in most edible fruits and vegetables.
Phytochemicals are chemicals produced by plants that may affect health.
Flavonoids
Flavonoids are nearly ubiquitous in plants and are recognized as the pigments responsible for the colors of leaves, especially in last autumnal burst of hues and the many shades of yellow, orange, and red in flowers and food. The flavonoids are found in fruits, vegetables, nuts, seeds, herbs, spices, stems, flowers, as well as tea and red wine [91, 92] . They are abundant in seeds, citrus fruits, olive oil, tea, and red wine. Flavonoids are polyphenols or polyhydroxylated phytochemicals. The two main classes of polyphenols include flavonoids and phenolic acids [81, 91] . Flavonoids exert positive effects on human health; they are required for best activity, especially antioxidant and antiproliferative activity [81, 93] . The mechanism of antioxidant activity of flavonoids can be characterized by direct scavenging or quenching of oxygen free radicals or excited oxygen species as well as inhibition of oxidative enzymes that generate these reactive oxygen species [92, 94] . Some of them have been proposed to be beneficial in exercise and exercise performance. The wellknown flavonoids are quercetin, catechins, and resveratrol, and they have received great scientific attention. Quercetin supplementation increases mitochondrial biogenesis of exercise skeletal muscle [81, 96] .
Chlorophyll
Chlorophyll is one of the main photosynthetic pigments, found in particularly large amounts in higher plants, dark green, leafy vegetables. Chlorophylls are important antioxidants found in foods. They give plants and algae their green color. Green, leafy vegetables collect light and energy by photosynthesis, and transform it into a powerful compound called chlorophyll. Sunlight and chlorophyll are our best friends [1, 44, 96, 97] . The basic structure of chlorophyll is a porphyrin ring similar to that of heme in hemoglobin, although the central atom in chlorophyll is magnesium instead of iron. The long 20-carbon phytol tail attached to the porphyrin ring makes chlorophyll hydrophobic, fat-soluble and allows chlorophyll to incorporate into biological lipid membranes. Magnesium in chlorophyll contributes to muscle toning, contraction and relaxation. Chlorophyll a and chlorophyll b are natural, fat-soluble chlorophylls found in plants. The most important and widely present form in the plants is chlorophyll [44] . In these naturally occurring chlorophylls the functional group of C7, a -CH3 or a -CHO group, define the a and b forms of chlorophyll, respectively. These naturally occurring a and b derivatives of chlorophyll are present in plants as breakdown products and as the products of chlorophyll digestion [1, 44, 97] . Chlorophyllin is a semi-synthetic mixture of sodium copper salts derived from chlorophyll. During the synthesis of chlorophyllin, the magnesium atom at the center of the ring is replaced with copper and the phytol tail is lost. Unlike natural chlorophyll, chlorophyllin is water-soluble [44, 97101] .
Chlorophyll and his liquid derivatives are powerful antioxidants from the diet [44, 99] . This antioxidant action can provide many of the benefits of eating vegetables and fruits that contain chlorophylls. As an antioxidants and health supplements chlorophylls prevent the formation of free radicals caused by oxidation of molecules and neutralize existing free radicals, making them harmless [97, 101] .
Most of benefits of liquid chlorophyll and their derivatives lack extensive research.
Conclusion
The present review tries to elucidate the mechanisms by which antioxidants influence the decreasing of toxic free radical effects on the skeletal muscle function in normal, physiological condition, and under intensive physical exercise. With this article we wish to clarify the normal acting of natural antioxidants, as a normal body constituent and compound of diet and to stimulate further research in this area.
Recent scientific data confirm that the long-term use of antioxidants is safe and effective. The actual recommendation for physically active individuals is to ingest a diet rich in antioxidants.
